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1. INTRODUCTION:

Autism spectrum disorder (ASD) is a complex group of heritable neurodevelopmental disabilities. It is
likely that ASD includes individuals with different familial etiopathological mechanisms, and thus
identifying biologically homogeneous subgroups of affected individuals and families is an important step
to speed identification of risk genes and the development of more individualized and effective
treatments. Using eye movement biomarkers, we previously identified a profile of neurophysiological
alterations in unaffected parents and siblings of individuals with ASD that was strikingly similar to that
we and others have reported in ASD patients. Importantly, different deficits were present in different
families. The aim of the current study was to examine these promising biological intermediate
phenotypes by evaluating eye and hand movement neurophysiology in family trios consisting of an
individual with ASD and their unaffected biological parents. This combined use of oculomotor and
manual motor tasks was conducted to identify familial phenotypes in ASD and provide a fuller
characterization of sensorimotor deficits in these disorders.

2. KEYWORDS:
sensorimotor; autism spectrum disorder; eye movements; grip force; endophenotype

3. OVERALL PROJECT SUMMARY:

We have successfully completed each of the tasks laid out in our original Statement of Work (SOW). We
met our goals for recruiting family trios and healthy controls for the study period. Throughout the award
period, we maintained regular quality assurance testing to check the integrity of test administration,
data entry, data processing and data analysis. A synopsis of our progress for each task of our original
SOW is provided below.

SOW Task 1: Assess oculomotor and manual motor performance in 50 individuals with ASD and their
unaffected parents. We studied 50 individuals with ASD and their unaffected biological parents during
the course of the award. Family trios completed tests of oculomotor control as we have previously
identified deficits on these tasks in both individuals with ASD and their unaffected relatives. Participants
also completed tests of manual motor control to assess disruptions in sensorimotor control across
multiple motor systems. Regular quality assurance testing was completed throughout the award by Drs.
Sweeney and Mosconi, and regular reviews of manual motor data were completed with our consultants
Drs. Corcos and Vaillancourt. Drs. Sweeney and Mosconi also have led weekly meetings with trained
staff to ensure the quality of test administration and data analysis. Dr. Sweeney has overseen the
scoring and analysis of eye movement data, and Dr. Mosconi has done the same with the manual motor
testing.

SOW Task 2: Assess psychological and neuropsychological functioning in 50 individuals with ASD and
their unaffected parents. The 50 family trios that participated in this study completed psychological and
neuropsychological tests so that intermediate phenotypes involving cognitive systems could be
identified. Quality assurance testing of psychological and neuropsychological data was performed by
Drs. Sweeney and Mosconi throughout the award period.

SOW Task 3: Assess oculomotor and manual motor performance, and assess psychological and
neuropsychological functioning in 75 healthy controls. Control recruitment was completed so that



distinct control groups could be matched to the parents and probands, respectively. We have reached
our recruitment goals.

SOW Task 4: Analysis, interpretation and publication of biological intermediate phenotype and clinical
data. Our prior studies of ASD have documented reduced accuracy of both rapid, saccadic eye
movements and smooth pursuit eye movements used to track moving targets (Mosconi et al., 2013;
Takarae et al., 2004a; 2004b). Additionally, we documented reduced ability in ASD to inhibit contextually
inappropriate eye movements (Mosconi et al., 2009). Our initial family study indicated that unaffected
first-degree relatives of individuals with ASD also showed reduced saccade accuracy, reduced smooth
pursuit accuracy, and reduced inhibitory control of eye movements (Mosconi et al., 2010). Based on
data acquired prior to beginning the current study, we also have established that saccadic eye
movements of individuals with ASD are characterized by reduced velocities and atypical movement
trajectories involving an increased time spent in the deceleration relative to acceleration phase of
movement (Schmitt et al., 2014). Testing these same subjects, we identified deficits in manual motor
abilities in ASD as well. During tests of precision gripping in which participants received online visual
feedback about the accuracy of their grip force relative to a target force level, we found that individuals
with ASD show increased variability of their force output (Mosconi et al., in press). This deficit was more
severe when the target force level was increased suggesting that individuals with ASD show more severe
difficulty controlling their motor behavior when the demands on the motor system are increased.
Elevated force variability also became more severe when visual feedback was either highly degraded or
highly magnified. This pattern suggests that impairments in processing visual feedback impact the
accuracy of sensorimotor behavior in ASD. Last, we identified a pattern of reduced behavioral flexibility

N (Miller et al., in press) suggesting that top-down control of
sensorimotor behaviors also is disrupted. Taken together, our
findings documented a complex but specific pattern of
oculomotor and manual motor deficits implicating motor

planning systems, sensory feedback systems involved in

controlling ongoing motor output, and top-down cognitive
control systems.

B.
- E We have begun to replicate and further define these deficits

based on data collected as part of this study. To examine

Fig 1. Individuals pressed against two opposing load cells while
viewing visual feedback during each test of precision grip. While ma nual motor co ntrOl we ad m | niste red a teSt Of preCiSion grlp
pressing on the load cells (A), participants viewed two horizontal ’

bars presented against a high contrast black background (B). The
target bar (red/green) was stationary during each trial and its
location was fixed for different target force levels. The target bar

turned from red to green at the beginning of each trial to cue front Of a monitor Wlth their thumb and indeX ﬂnger reSting

participants to begin pressing the load cells. The white force bar

moved upwards with increased force, and thus the discrepancy againSt two preCiSion IOad Ce”S (Flg 1A) They Viewed two

force. During this test, subjects were seated comfortably in

between the target and force bar provided online visual feedback

tothe participant about their performance. horizontal bars (Fig 1B), including a red target bar and a white
force bar. They were instructed to press with their thumb and index finger on the load cells when the
red bar turned green. The force bar moved upwards with increased force and downward with decreased

force throughout the trials. Subjects completed one condition in which two second force trials were
alternated with two second rest trials (2 sec test), and one condition in which eight second force trials
were alternated with eight second rest trials (8 sec test). Both types of trials were administered at 15, 45



and 85% of each individual’s maximum force, or maximum

A. *
s | o Comrol voluntary contraction (MVC). Individuals with ASD showed
_ . reduced mean force overall, particularly at 45% and 85% of
% ™ their MVC owing in large part to their reduced strength (Fig
é 20 1 2A). We controlled for this reduction in mean force when
= ol examining force variability by calculating a coefficient of
.j variation (CoV). The CoV reflects the level of force variability
. 45% MVC a5% MVC (SD) divided by the mean force for each trial, and thus
B. provides an index of force stability relative to each individual’s

0.30 4

mean force production. Our analyses indicated that individuals

oz . with ASD show increased CoV (i.e., reduced force stability)

020 I . when attempting to maintain a constant level of force (Fig 2B;
: Wang et al., in press). These findings suggest that individuals
010 with ASD have a reduced ability to use visual feedback

0.05 - information to precisely adjust their motor output and

minimize error.

CoV (SD/mean)
=
@

0.00

15% MVC 45% MVC 85% MVC
Fig 2. Individuals with ASD show reduced mean force (A) and . . I .
increased force coefficient of variation (CoV) compared to In order to determine whether individuals with ASD also show
controls (B). . .
* represents between group difference at0.05 level. fallures to plan motor bEhaV|0r, we dEVE|OpEd a newl

objective algorithm for quantifying the accuracy of initial
motor output completed prior to sensory feedback being processed (Wang et al., in press). This
algorithm was used to identify the following three types of gripping strategies:

Type 1 (pulse-release): Type 1 initial pulses were characterized by an increase in and then rapid
reduction in force. Given that the corrective pulse was in the opposite direction of the initial pulse, the
Type 1 initial pulse offset was identified at the first zero-crossing from (+) to (-) in the 1* derivative of
the force time series following the peak rate of force increase.

Type 2 (pulse-reaccelerate): Type 2 initial pulses were characterized by an increase in force followed by
a pause and then secondary increases in force which did not temporally overlap with the initial pulse.
The offsets of Type 2 initial pulses were marked at the first zero-crossing from (-) to (+) in the 2™
derivative of the force output following the peak rate of force increase.

Type 3 (overlapping pulses): Type 3 pulses involved increases in force followed by one or more
corrective increases in force that overlapped temporally with the initial pulse. The offset of the initial
pulse was marked at the first zero-crossing from (+) to (-) in the 3™ derivative of the force output
following the peak rate of force increase of the initial pulse.



2 sec test

Relative to healthy controls, individuals with ASD showed
increased use of the Type 1 strategy characterized by rapid
increases in force and then an initial overshoot of the target
(Fig 3). Of note, healthy controls used the Type 1 strategy
more frequently than other strategies when the force
demand was low in terms of the duration (more during 2 sec

Primary force pulse ratio

vs. 8 sec trials) or force level (more for 15 vs 45 and 85%

GNTL ASD CONTL ASD GNTL ASD MVC). But, they adjusted their grip strategy and used the
S Type 2 approach more frequently at higher force levels and

§ sectest during 8 sec trials. This shift in initial gripping strategy likely
reflects the increased biomechanical demands of the Type 1
approach in which force must be rapidly increased, released,
and then increased again causing fatigue in the muscular

system. Individuals with ASD did not reduce their use of the

Primary force pulse ratio

Type 1 approach at higher force levels and during the 8 sec

test as much as controls.

CNTL ASD CNTL ASD CNTL ASD

15% MVC 45% MVGC 85% MVC

Fig 3. Rates of different initial gripping strategies as a function of We aISO have examlned tOp-dOWn |nh|b|t0ry COhtrOl Of
group and target force level during the 2 sec and 8 sec tests. Tob: | o cylomotor and manual motor behaviors in individuals with
sec test; Bottom: 8 sec test.

* indicates between group difference atp<0.05; # indicates within | - AG[) gs part of the current study. We administered stop signal
gl’OlrlpAInltlaJ pI:J|‘Se type difference at p<0.05; ## represent
statistical significance at 0.01 level. tasks in which participants viewed a central fixation and then
were presented with “GO” targets to the left or right of the fixation cue. During the oculomotor task,
they were instructed to look at the GO target as soon as it appeared. During the manual motor task,
they were instructed to press the corresponding right or left button on a button box as soon as the GO
target appeared. Participants also received STOP trials in which a “STOP” cue was presented following

the GO cue. During these trials, subjects were instructed to cancel their response (i.e., their eye

movement or button press) before it was completed. Prior to performing the oculomotor and manual
motor stop signal tests, participants also completed a reaction time test in which they received only GO
trials. Participants’ reaction time on GO trials during the baseline and stop signal tests, and their
accuracy, or ability to cancel their response on STOP trials of the stop signal test, were examined.

We found that individuals with ASD showed increased rates of errors relative to controls on both the
oculomotor and manual motor STOP trials (Table 1). Importantly, we also found that healthy controls
tended to slow their responses for both the oculomotor and manual motor GO trials when GO trials
were interleaved with STOP trials, relative to Baseline GO trials. This strategic slowing allowed control
participants to cancel their response before it was executed. However, individuals with ASD showed less
strategic slowing than controls (Table 1) suggesting that their ability to inhibit prepotent responses may
reflect a failure to strategically plan and modify their motor plan.



Table 1. Reaction time (RT) and stopping accuracy for individuals with ASD and healthy controls

Baseline RT SST RT RT Change STOP Accuracy (%)
ASD 394 (60) 478 (42) 71 (58)* 56 (16)**
Manual motor
Controls 390 (59) 494 (29) 102 (51) 67 (15)
ASD 234 (29) 306 (50) 79 (53) 54 (14)*
Oculomotor
Controls 240 (33) 332 (47) 95 (56) 65 (16)

*p<0.05; **p<0.01

The next step of our study is to begin analyses of data collected on unaffected biological parents of
individuals with ASD. Our first analysis aim is to compare family members and matched controls on the
specific oculomotor and manual motor performance variables that have been implicated in our proband
studies and described above. Next, we will examine the familiality of these deficits by determining the
extent to which different sensorimotor and neurocognitive impairments covary more highly within
rather than across families. Last, we will determine whether familial sensorimotor and neurocognitive
impairments co-segregate within families and are distinct within specific families. To the extent that
different types of deficit are independent from one another as we have found in our studies of manual
motor abilities (Mosconi et al., in press) and our prior family eye movement study (Mosconi et al., 2010),
these measures may hold promise for parsing heterogeneity in ASD and establishing discrete
etiopathological mechanisms.

4. KEY RESEARCH ACCOMPLISHMENTS:

e We have developed and validated new approaches for distinguishing initial manual motor
output from manual motor output controlled by sensory feedback systems. The manuscript
detailing these new methods and analysis of initial and sensory feedback guided manual motor
abilities in ASD currently is in press (Wang et al., in press).

e Our analysis of a new stop signal test developed for this study has identified deficits in inhibitory
control of saccadic eye movements and manual button presses in ASD (see Table 1 above). The
manuscript detailing results from this study is in preparation.

5. CONCLUSION:

Sensorimotor impairments are common in ASD, but they have received relatively little research
attention and remain poorly understood. Our studies of oculomotor and manual motor abilities in ASD
have helped define the nature of sensorimotor impairments in ASD which is critical for establishing the
neural underpinnings of this disorder. Our aim is to determine if these highly translational and tractable
deficits are familial and thus may offer promise for establishing pathophysiological mechanisms in ASD
and parsing heterogeneity. Now that data collection is completed and most data scoring of motor
performance has been completed, we have been able to establish distinct patterns of deficit in
oculomotor and manual motor abilities in individuals with ASD as shown in Figures 1-3 and Table 1. Our
next step is to conduct analyses of family members and intra-familial relationships of oculomotor and
manual motor deficits to determine if sensorimotor impairments are familial in ASD. In addition, we
currently are performing functional magnetic resonance imaging (fMRI) studies of these motor tasks in
ASD and examining the relationship between motor deficits and alterations in brain function and
neuroanatomic changes (using diffusion tensor imaging (DTI) analyses of white matter pathways




involved in motor coordination). As an early extension of this work, we also have begun examining early
maturing grasping abilities in infants at risk for ASD so that we can determine whether our measures of
sensorimotor deficits may hold promise for identifying affected children earlier in development.

6. PUBLICATIONS, ABSTRACTS, AND PRESENTATIONS:

a. Lay Press:
Wright, Jessica. Researchers refine cerebellum’s role in autism. Simons Foundation Autism

Research Initiative. (16, November 2014). This news article on the Simons Foundation website
featured a summary of our ongoing work on manual motor impairments in ASD and their
implications for understanding the role of the cerebellum in this disorder.

b. Peer-Reviewed Scientific Journals:

Wang Z, Magnon GC, White SP, Greene RK, Vaillancourt DE, Mosconi MW. (in press). Individuals
with autism spectrum disorder show abnormalities during initial and subsequent phases of
precision gripping. Journal of Neurophysiology.

c. Invited Articles:
NONE

d. Peer-reviewed academic presentations:
Mosconi MW, Vaillancourt DE, Sweeney JA. Visuomotor and cortico-cerebellar abnormalities in
autism spectrum disorder.Society for Neuroscience (SfN); (2014; November). Washington, DC.

Wang Z, Magnon GC, Greene RK, Sweeney JA, Mosconi MW. Predictive and reactive precision
grip force control in individuals with autism spectrum disorder.Society of Neuroscience (SfN);
(2014, November). Washington, DC.

Schmitt LM, Mosconi MW, Ragozzino ME, Cook EH, Sweeney JA. Neurocognitive strategies
supporting behavioral response inhibition in autism spectrum disorder.International Meeting for
Autism Research (IMFAR), (2014, May). Atlanta, GA.

Mosconi MW, Mohanty S, Schmitt L, Greene R, Vaillancourt DE, Sweeney JA. Feedforward and
feedback control abnormalities during precision grasping implicate cerebellar dysfunction in
autism spectrum disorder. American College of Neuropsychopharmacology (ACNP), (2013,
December). Hollywood, FL.

Mosconi MW, Vaillancourt DE, Mohanty S, Schmitt L, Greene RK, Sweeney JA. Sensorimotor
abnormalities and their relationship to core social-communication features in autism spectrum
disorder (ASD). Society for Neuroscience (SfN), (2013, November). San Diego, CA.

Schmitt LM, Mosconi MW, Sweeney JA. Eye movement abnormalities in autism spectrum
disorder implicate sensorimotor and cognitive control brain systems. Society for Neuroscience
(SfN), (2013, November), San Diego, CA.

7. INVENTIONS, PATENTS AND LICENSES: Nothing to report.

8. REPORTABLE OUTCOMES: Nothing to report.



9. OTHER ACHIEVEMENTS:

This award supported the initiation of a biorepository of blood samples from individuals with ASD and
their unaffected relatives. Twenty-four of the ASD probands and their biological parents enrolled in this
study donated genetic samples to be stored for future analyses.

We have submitted additional awards to support this ongoing work. A predoctoral fellowship training
application was submitted (PI: Lauren Schmitt; Mentor: J Sweeney) to the Autism Science Foundation to
help support extended work and analysis on sensorimotor abnormalities in family trios. This award was
submitted in November, 2014.

Dr. Mosconi submitted an RO1 application to examine cerebellar abnormalities in ASD including the
manual motor behaviors that are implicated in our initial work, functional MRI studies of cortico-
cerebellar function during manual motor tasks, and DTI studies of cerebellar anatomy. This award was
submitted in October, 2014.
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